INTRODUCTION
Meningitis due to Cryptococcus neoformans is a leading cause of mortality among HIV-infected individuals. In sub-Saharan Africa, cryptococcal meningitis may be surpassing tuberculosis as the leading cause of death; 1 cryptococcal meningitis caused nearly 20% of deaths in several sub-Saharan African HIV-infected cohorts. 2 3 Although the prevalence of cryptococcal infection has not been systematically studied in sub-Saharan Africa, the prevalence of serum cryptococcal antigen (sCrAg) in HIV infected individuals with low CD4 cell counts ranges from 6 to 14%. [4] [5] [6] [7] Despite highly active anti-retroviral therapy (HAART) and effective anti-fungal treatments, mortality from cryptococcal meningitis in HIV-infected individuals is high even in developed countries, ranging from 9-38%. [8] [9] [10] [11] Mortality is dramatically higher in sub-Saharan Africa; cryptococcal meningitis has a mortality of 37-58% even with HAART and amphotericin-based anti-fungal treatments [12] [13] [14] and up to 100% without these therapies. 15 However, these studies were conducted in tertiary care referral centres, often within the context of a clinical trial, and possibly included more severe cases than would be found in an outpatient setting. Little is known about treatment for and outcomes of cryptococcal meningitis in decentralised HIV outpatient care settings-now the predominant model of HIV care across much of sub-Saharan Africa. 16 Thus, the main objectives of this evaluation were to: (1) assess adherence to guidelines for treatment of cryptococcal meningitis, and (2) determine the key predictors of survival in cryptococcal meningitis in a decentralised HIV outpatient care setting in western Kenya.
STUDY DESIGN Study site
Family AIDS Care and Education Services (FACES) is a decentralised HIV outpatient care and treatment programme in Nyanza Province, Kenya. During the study period, the main diagnostic test available for the diagnosis of cryptococcal meningitis was serum cryptococcal antigen (sCrAg). The test was typically done when a patient presented with signs and symptoms of meningitis. During the study period, screening asymptomatic individuals for sCrAg was not performed at FACES. Because of funding limitations, in our setting a single sCrAg test is performed on an undiluted sample; serial dilutions for sCrAg titres are not performed because each dilution requires an additional test kit. Lumbar punctures are only available in inpatient settings, and the cost of the procedure and the admission must be borne by the patient. Thus, although this would be the preferred method of diagnosis, in reality, lumbar puncture was rarely performed in routine clinical practice in our study setting.
Study population and procedures
A computerised laboratory database and a hand search of laboratory registers was used to identify all HIV-infected individuals with a positive sCrAg test (titre≥1 : 2) (Immuno-Mycologics) between July 2005 and October 2009. Two attempts were made to locate paper charts housed at peripheral sites and charts which could be found were reviewed retrospectively. Clinical and outcome data was abstracted using a standardised form between March and November 2009.
Cerebrospinal fluid cultures and other definitive diagnostic tests were not available in our setting, and documentation of signs and symptoms in the clinical record was poor. Thus, we developed three case definitions relevant to the diagnosis of cryptococcal meningitis in our resource-limited clinical setting: (1) Positive sCrAg; (2) Positive sCrAg plus at least one documented sign/symptom of meningitis; (3) Positive sCrAg plus at least one sign/symptom of meningitis, excluding headache. Signs and symptoms of meningitis included: fever ≥38°C, headache, altered mental status, stiff neck, photophobia, seizures and a focal neurological deficit.
Outcomes
The key outcomes were adherence to clinical guidelines for treatment of cryptococcal meningitis, all-cause mortality within 12 weeks of the sCrAg test, and all-cause mortality at the end of the follow-up period. Survival was defined as time from the date of sCrAg test until date of death. In one case, death was confirmed but the date of death was not available, so the date of last clinic visit was used as a substitute. Surviving subjects who were currently in care (ie, attended clinic within 3 months) were censored at the date of medical record abstraction. For two subjects who were lost-to-follow-up (ie, not attended clinic within 3 months), date of last clinic visit was used as the censoring point. For 12-week survival, all subjects were censored at 12 weeks.
Data analysis
First, we assessed adherence to local guidelines for the treatment of cryptococcal meningitis. Due to missing data and attrition due to mortality, the denominators in this analysis are frequently smaller than our sample.
Second, key clinical, laboratory and demographic characteristics were compared among fatal and non-fatal cases using Fisher's exact test for dichotomous variables and Wilcoxon rank-sum test for continuous variables. Binomial exact CIs are presented.
Third, Kaplan-Meier curves were generated to assess survival. Associations between key predictor variables and survival were explored using bivariate Cox proportional hazards regression. Sensitivity analysis was performed using the three case definitions. Multivariate models were limited due to sample size; 17 variables with conceptual importance or significant bivariate associations were included. Sensitivity analysis was performed using 12-week mortality as an outcome (death within 12 weeks of sCrAg test).
Statistical analyses were performed using Stata V.11. Significance was defined at p<0.05. and of these follow-up data was available for 97% (69/71) (figure 1). Mortality at 12 weeks was 23% (16/71) (95% CI (13% to 34%)) and 38% (27/71) (95% CI (27% to 50%)) at the end of follow-up, over a median follow-up period of 201 days (IQR: 10-705 days). Median survival was 38 days (IQR: 6-184 days) among all fatal cases and total follow-up time was 74.9 person years.
ETHICS
Descriptive statistics for individuals meeting case definition 1 are presented in table 1. Fatal cases were significantly associated with lower body mass index (BMI) ( p=0.003) and younger age ( p=0.03). The most common symptom was headache in 88% (60/68). Fever was observed in 18% (11/61), seizures in 10% (7/68) and focal neurological deficits in 9% (6/68). Paradoxically, headache was more common in non-fatal cases ( p=0.05). Over one-third of individuals were taking antiretroviral therapy for at least 2 weeks at the time of sCrAg testing. Overall, the median duration of HAART therapy was 40 days. Fatal cases had shorter duration on HAART than nonfatal cases, but this difference did not reach significance. 
Adherence to guidelines
Anti-fungal therapy occurred primarily in the outpatient setting and treatment type varied widely. Hospital admission was documented in only 31% (22/71). None of the patients were treated using current international standards 18 or the preferred anti-fungal treatment in the Kenya National Guidelines (figure 1). 19 However, 48% (34/71) received intensive therapy with either amphotericin or fluconazole in accordance with the local guidelines (Appendix 1). Over 82% (58/71) received fluconazole monotherapy, 6% (4/71) received amphotericin based and 13% (9/71) had no documented anti-fungal treatment. Among the 48 patients still living at 8 weeks after the sCrAg test, maintenance therapy with fluconazole 200mg was documented in 83% (40/48).
All-cause mortality
Increasing age and BMI were positively associated with survival in bivariate Cox proportional hazards regression among individuals meeting case definition 1 (table 2). In multivariate survival models, higher BMI retained a significant positive association with survival (HR: 0.82, 95% CI (0.68 to 0.99)) even after controlling for factors such as age, CD4 cell count, receipt of HAART and treatment with any anti-fungal therapy (table 2) . Sensitivity analysis, performed using case definitions 2 (n=65) and 3 (n=48), did not demonstrate differences in the direction or magnitude of relationships between survival and key variables though only BMI remained significantly associated with survival (data not shown). Sensitivity analysis of bivariate associations using 12-week mortality demonstrated similar relationships.
DISCUSSION
The 12-week mortality in our study was 23%, which is lower than other cohorts in sub-Saharan Africa where mortality ranged from 43-100% 12-15 20 21 and within the range of studies from developed countries (8%-27%). 8 10 22 23 The long-term mortality of 39% was also lower than other sub-Saharan African studies where the mortality ranged from 41-100%. 12 15 20 21 24-26 The relatively low mortality in our study may be a result of using an outpatient sample with less severe disease. Alternatively, this may be due to missing data. If all the charts we could not locate (19/71) as well as the charts with missing outcome data (2/71) were fatal cases, then the mortality rate could potentially be as high as 68% (48/71). Our sample had similar rates of headache, stiff neck, photophobia, seizures and focal neurological deficits as other studies from inpatient samples from both developed and developing countries. 10 15 21 22 27 28 However, in our study only 18% presented with fever, as compared with 42-93% among inpatient samples. 10 15 21 22 27 28 Thus, we may have selected for individuals with less clinically severe cases.
Anti-fungal therapy did not exhibit significant associations with survival. This may have resulted from infrequent use of either international or local standards of care. 18 19 Amphotericin was rarely used; although it is available in some district hospitals in Kenya, the complexity of administration and inability to monitor for side effects may limit the use of this medication. Fluconazole is available for free at most clinic sites through a donation programme, but only half of our sample received therapy in accordance with local guidelines. It is clear that in our setting cryptococcal meningitis treatment is predominantly with outpatient oral fluconazole without lumbar puncture for diagnostic or therapeutic purposes. This may be because fluconazole is free while inpatient admission is not, poor acceptability of lumbar puncture, 24 or due to other barriers to accessing inpatient care.
In addition, adherence to treatment guidelines was poor. Less than half of the individuals in our sample received cryptococcal meningitis treatment in accordance with local guidelines. However, documentation of dose and duration in the medical record was poor; either dose or duration were not documented for 36% (26/71) of our sample, so this study may underestimate actual adherence to guidelines in clinical practice.
Increasing BMI had a striking positive association with survival even after controlling for potential confounders such as CD4 cell count, duration of HAART and anti-fungal therapy. The association between BMI and mortality among patients with HIV has been described previously in a South African study which noted an association between wasting and death from cryptococcal infection. 28 Our study has several limitations. First, there was a lot of missing data-both charts and individual data points were variably recorded. For example, this was a retrospective review of routinely collected data extracted from paper outpatient charts kept on-site at FACES clinics, many of which are quite remote. Therefore, despite at least two attempts to locate them, charts were often not found. Since the charts which could not be found may have been more likely to belong to fatal cases, this could have led to marked underestimation of mortality rates. In addition, data was missing for several important variables such as dose and duration of anti-fungal therapy, and we were unable to review inpatient records. Also, exact dates were often missing from mortality data.
Second, this study reviews all positive sCrAg cases in our clinical setting as the test became available. The test became available at different times-at more central and higher resourced clinics first-so this is not a representative sample of our clinic population. Third, lumbar puncture and cerebrospinal fluid cultures, India Ink stain and cerebrospinal fluid CrAg test are not available in our clinical settings so we were not able to confirm meningeal infection. However, sCrAg has excellent sensitivity and specificity for meningeal infection in symptomatic HIV infected individuals. 29 Finally, the small sample size limited our ability to draw definitive conclusions about the effects of key variables on survival. In summary, this descriptive and exploratory study to identify key predictors of outcome from cryptococcal meningitis in a routine rural HIV outpatient care setting in sub-Saharan Africa offers several provocative findings. First, in our experience, cryptococcal meningitis diagnosed in a routine rural HIV outpatient setting is largely treated as an outpatient. Second, adherence to treatment guidelines for cryptococcal meningitis is poor, though this may be an underestimate as documentation of dose and duration of treatment was poor. Third, BMI is a critical independent predictor of outcome.
Ultimately, it is critical to recognise that cryptococcal meningitis is a leading cause of mortality among HIV-infected individuals. This study demonstrates that in HIV care settings like ours treatment for cryptococcal meningitis is currently largely as an outpatient-whether or not this is applicable to other similar programmes is an area for future study. Potential strategies to improve outcomes for individuals with cryptococcal meningitis in rural outpatient African settings like ours include improving access to inpatient care; increasing availability of medications which are the standard of care such as amphotericin or flucytosine; building capacity in inpatient settings such that appropriate laboratory monitoring for side effects of amphotericin and flucytosine can be performed; screening individuals with low CD4 T-cell counts for sCrAg and initiating early treatment; increasing adherence to care guidelines; or more effective oral therapies. 30 To reduce the premature mortality due to cryptococcal meningitis, future studies are critical to determine the optimal approaches to operationalise current cryptococcal treatment guidelines in decentralised HIV outpatient care and treatment programmes in rural sub-Saharan Africa.
Main messages
▸ Cryptococcal meningitis was primarily managed as an outpatient with oral therapy in our decentralised HIV programme in Kenya ▸ Despite available guidelines for the treatment of cryptococcal meningitis, adherence to these guidelines was poor in this real-world setting ▸ Cryptococcal meningitis had an unacceptably high mortality rate ▸ Survival was significantly associated with higher body-mass index
Current research questions
▸ How can current cryptococcal meningitis treatment guidelines be optimally operationalised in decentralised HIV programmes in sub-Saharan Africa? ▸ Can more potent oral regimens for the treatment of cryptococcal meningitis be implemented for more effective outpatient management? ▸ Can cryptococcal meningitis deaths and overall mortality be reduced through early screening for cryptococcal antigenemia?
